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“The growth of other sectors 
and overall economy depends 
on the performance of 
agriculture to a considerable 
extent. Because of these 
reasons agriculture continues 
to be the dominant sector in 
the Indian Economy.”
“CIVILISATION, as it is known today, could not have evolved, nor 
can it survive, without an adequate 
food supply” – this quote by Norman 
Borlaug underlines the importance of 
agriculture for mankind. 
The Indian situation amply testifies 
to this eminent quote. We have made 
significant strides to attain and sustain 
food self-sufficiency. Today, Indian 
agriculture is rapidly transforming 
with the technological infusion, policy 
reforms, fast-changing food habits 
and growing trade opportunities. 
Agricultural growth is critical for 
sustainable and inclusive economic 
growth. 
Indian Agriculture and rural 
life have undergone tremendous 
transformation since independence. 
Agricultural development is an 
integral part of overall economic 
growth and was the main source of 
national income and occupation at the 
time of Independence. It contributed 
about 50 per cent to India’s national 
income and around 72 per cent of total 
working population was engaged in 
agriculture at that time. Although the 
contribution of agriculture to national 
GDP is decreasing over the years, it 
is important that the growth of other 
sectors and overall economy depends 
on the performance of agriculture to a 
considerable extent. Because of these 
reasons agriculture continues to be the 
dominant sector in the Indian Economy. 
At the present juncture, when 
the entire economy shrank due to the 
COVID-19 pandemic, the agricultural 
sector registered growth and 
agricultural production also continued 
to grow like past years. Agriculture has 
sustained its growth momentum despite 
a slowdown in the economy – the sector 
grew by 4% during the year 2019-20. 
India has 159.7 million hectares of 
arable land (second largest after the US) 
and experiences all the 15 prominent 
climates existing across continents and 
has 46 out of 60 soil types that are there 
in the world. 
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and frontier areas to offer solutions 
to problems relating to agriculture. 
The research is carried out through a 
chain of 102 ICAR institutes, 71 All 
India Coordinated Research Projects, 3 
Central Agricultural Universities, and 
67 State Agricultural Universities. 
ICAR has focussed on different 
aspects of Agricultural Research such 
as food security and supply; food, 
nutrition and human health promotion 
and next-generation food system; 
climate and energy needs; sustainable 
use of natural resources; food safety; 
small business innovation and product 
development; agricultural education 
and workforce development and 
working towards rural prosperity.
Agricultural Revolutions in 
India
ICAR has played a pioneering role in 
ushering the Green Revolution and 
subsequent developments in agriculture 
in India through its research and 
technology development, thus making a 
visible impact on national food security. 
The introduction, development and 
widespread adoption of semi-dwarf, 
The post-Independence journey 
of Indian Agriculture has been quite 
impressive despite several limiting 
factors such as uncertainties of weather, 
declining soil health, increasing 
atmospheric temperature and emergence 
of more virulent pests and pathogens. 
Our food-grain production has crossed 
the 300 million-ton mark during 
2020-21. Technological advancements 
in agriculture have been influential in 
driving changes in the farm sector. 
Although the amount of land and labour 
used in farming declined, the total farm 
output increased more than 5 times 
between 1950-51 and 2020.  Similarly, 
the yield (kg/ha) has increased about 
four times during the same period.
Agricultural Research System
India has one of the largest and well-
coordinated public agricultural research 
systems in the world. The Indian 
Council of Agricultural Research 
(ICAR) is an autonomous organisation 
under the Department of Agricultural 
Research and Education (DARE), 
Ministry of Agriculture and Farmers 
Welfare, Government of India. ICAR 
was established on 16 July 1929 as a 
registered society under the Societies 
Registration Act, 1860. 
The historical development of 
agricultural research goes back to 
the year 1869, when the Imperial 
Bacteriological Laboratory was 
established in Pune, which was 
subsequently shifted to Mukteshwar 
(Uttar Pradesh) and now is part of the 
Indian Veterinary Research Institute, 
Izatnagar, Bareilly. The Imperial 
Agricultural Research Institute was 
established at Pusa, a village in the 
Darbhanga district of Bihar in 1905 
with donations from Henry Phipps 
of the USA. There was a disastrous 
earthquake in 1936 and the institute 
was shifted to New Delhi, and today it 
is known as the Pusa Institute (Indian 
Agricultural Research Institute). ICAR 
was established in the year 1929.
ICAR is responsible for planning, 
coordinating and promoting agricultural 
research, technology development, 
knowledge dissemination and education 
in the country.  It also coordinates policy 
development in agricultural research, 
education and extension and manages 
agricultural education to enable 
quality human resource development. 
Its institutes cover a broad range of 
categories: crops, horticulture, natural 
resources, agricultural engineering, 
veterinary and animal science, and 
fisheries. ICAR also supports a network 
of 723 entities known as Krishi Vigyan 
Kendras (KVKs) and responsible for 
frontline extension for technology 
application, adoption, knowledge 
management and capacity development 
for Agri-based Rural Development.  
This 90-year-old organisation 
has played a major role in promoting 
excellence in higher education in 
agriculture and coordinating education 
in all State Agricultural Universities 
(SAUs) and Central Agricultural 
Universities (CAUs). ICAR is directly 
involved in undertaking fundamental as 
well as applied research in traditional 
The Indian Agricultural Research Institute (IARI), Pusa, New Delhi
“India has 159.7 million 
hectares of arable land 
(second largest after the US) 
and experiences all the 15 
prominent climates existing 
across continents and has 46 
out of 60 soil-types that are 
there in the world.”
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productivity enhancement, and 
management of natural resources. 
Genetic enhancement is a major option 
to bridge the demand and supply gap 
under normal situations as well as 
under stressful environments. Research 
has contributed towards the genetic 
alteration of crops, improving soil 
productivity and controlling weeds and 
pests. 
Our research programme focussed 
on cereals, oilseeds, pulses, fibre 
crops, forage crops, sugar crops, and 
horticultural crops.  The new varieties 
not only give higher yield but also 
tolerate various biotic and abiotic 
stresses due to environmental factors. 
The enhancement of productivity, 
as well as nutrient content, has also 
assumed significance in more recent 
years. 
In this direction, ICAR has 
released 5999 varieties for cereals, 
oilseeds, pulses, fibre crops, forage 
crops, sugar crops and other crops. 
This list includes 55 varieties developed 
through marker-assisted selection to 
fulfil various requirements of farmers. 
Short-duration varieties of paddy such 
as PR 121 and PR 126 need 15-25% 
lesser irrigation than long-duration 
varieties like PUSA 44 and thus reduce 
water footprint. 
photo-insensitive, input-responsive 
and high yielding varieties of wheat 
and rice in the late 1960s brought an 
unprecedented transformation in the 
national agricultural economy and food 
security, under the leadership of ICAR. 
In just four years, 1966 to 1970, 
India’s wheat production doubled, 
from 11 million tons to over 21 million 
tons. This was termed the “Green 
Revolution” by William Gaud of the 
USAID in 1968, and the same year, the 
government of India commemorated it 
by issuing a postal stamp. About 80% 
of the production gains were attributed 
to yield enhancements, underpinning 
the driving role of technology. This 
transformed the nation from a state of 
Green revolution postal stamp
Honourable Prime Minister of India dedicating 17 biofortified 
varieties to the nation
ship-to-mouth in the 1960s to the state 
of Right to Food today.
 
Enhancing Productivity 
At the time of independence, the 
challenge was to provide adequate food 
to our growing population. Today, 
the challenge is to provide safer and 
nutritious food to promote better 
health. The world is undergoing several 
transformative changes such as growing 
population, changing lifestyles, 
expanding urbanisation and accelerated 
climate vagaries that are throwing new 
challenges for the national agricultural 
research system. 
In the Indian context, the key issues 
affecting agricultural productivity 
include decreasing sizes of agricultural 
land holdings, continued dependence 
on the monsoon, inadequate access 
to irrigation, imbalanced use of soil 
nutrients resulting in loss of fertility 
of soil, uneven access to modern 
technology in parts of the country, lack 
of access to formal agricultural credit, 
limited procurement of food grains by 
government agencies, and failure to 
provide remunerative prices to farmers.
Crop Production
ICAR played a significant role in 
technology development enabling 
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During the past five-six years, 71 
biofortified varieties in different crops 
were developed to provide nutritious 
food and address the problem of 
malnutrition in our country. These 
crops are naturally biofortified with 
vitamins, minerals and amino acids and 
have reduced level of anti-nutritional 
factors. Honourable Prime Minister of 
India dedicated 17 biofortified varieties 
to the nation in October 2020. These 
varieties have been brought under 
the seed chain to make biofortified 
foodgrains available to the public 
distribution system. It is estimated 
that the biofortified crop varieties are 
grown in more than 4 million ha in the 
country. 
ICAR has emphasised on 
developing good agricultural practices, 
precision farming, regional crop 
plans, climate-resilient and water-
economising technologies to enhance 
productivity and income security to 
farmers. Stress tolerance traits such as 
disease resistance, drought tolerance 
and submergence tolerance were 
transferred to high yielding crops 
resilient to adverse climatic variations. 
About 1020 climate-resilient varieties 
that withstand various biotic and abiotic 
stresses in different climatic and soil 
types have been developed during the 
period 2015-2021.
ICAR has focused research on Agri-
Genomics and genome editing. Genome 
editing is a precision mutagenesis 
tool for genetic improvement of 
crops. Transgene-free genome-edited 
mega rice cultivar MUT1010 with 
enhanced yield and stress tolerance 
was developed by editing four different 
genes. Reference genomes sequence of 
wheat, pigeon pea and jute has been 
developed. Development of 50K SNP 
Chip for rice has been developed to be 
used for marker-assisted breeding of 
rice.  
ICAR works on various 
horticultural crops such as fruits, 
vegetables, flowers, spices, plantation 
crops, and medicinal and aromatic 
plants. A total of 1,596 high-yielding 
varieties and hybrids of horticultural 
crops (fruits, vegetables, ornamental 
plants, plantation and spices, medicinal 
and aromatic plants and mushrooms) 
have been developed. As a result, the 
productivity of horticultural crops like 
banana, grapes, potato, onion, cassava, 
cardamom, ginger, turmeric has 
increased significantly. 
Quality standard for export 
purpose has been developed for apple, 
mango, grape, banana, orange, guava, 
litchi, papaya, pineapple, sapota, onion, 
potato, tomato, pea, and cauliflower. 
By using biotechnological tools, 
transgenics in brinjal and tomato have 
been developed. Improved techniques 
for the production of disease-free 
quality planting material have been 
developed for citrus, banana, guava, 
potato, cassava and sweet potato. 
Micro-propagation techniques have 
been standardised for various fruits, 
spices and other vegetative propagated 
plants and widely utilised for rapid and 
mass multiplication of various species. 
Organic farming, coastal agriculture 
“A major contribution of 
ICAR is the eradication of 
Rinderpest disease from 
the country. Rinderpest was 
declared eradicated in 2011, 
making it the first animal 
disease to be eliminated in 
the history of humankind. 
For centuries, Rinderpest 
caused the death of millions 
of cattle, buffalo, yak and wild 
animals, leading to famine 
and starvation.”
Soil health cards have been prepared and 
distributed to farmers by ICAR
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and Island ecosystem have been 
addressed to enhance productivity and 
manage carbon emissions in the region.
Integrated Pest Management (IPM) 
was adopted as a major thrust area of 
crop protection. IPM aims at minimal 
use of hazardous chemical pesticides 
by using alternate pest control methods 
and techniques. Bacillus and neem-
based pesticides are being granted 
regular registration status under the 
Insecticides Act, 1968. IPM modules 
have been used for pest management 
in Basmati rice (Export quality), 
cotton, vegetables, fruits, pulses and 
oilseed. Implementation of ICT based 
pest monitoring is being carried out in 
pulses. 
ICAR has revolutionised quality 
seed production and strengthened the 
system to address farmers’ needs. 
Seed hubs for pulses (more than 150), 
oilseed (more than 35) and millet were 
established in SAUs, ICAR Institutes 
and KVKs for accelerated production 
within a specific time frame.
Land use maps and soil survey 
maps have been prepared for effective 
land utilisation for sustainable use of 
natural resources. Soil resource maps 
of the country (1:1 million scale), 
states (1:250,000 scale) and 55 districts 
(1:50,000 scale); soil degradation map 
of the country (1:4.4 million scale) 
and state soil erosion maps (1:250,000 
scale) have been prepared and are being 
used by various agencies. 
Animal Husbandry
Animal husbandry is an integral part 
of our agricultural system and animal 
genetic resources are our traditional 
strength. ICAR focuses on several 
species like cattle, buffaloes, goat, 
sheep, camel, pig, horse, donkey, yak, 
mithun, poultry, and duck. It carries out 
basic and strategic research in cutting-
edge technologies in animal genetics 
and breeding, nutrition, physiology and 
reproduction, animal health and animal 
products technology. 
The focussed research areas in 
animal science include germplasm 
conservation and improvement, 
livestock nutrition, preventive health 
care, vaccine production and handling 
emerging diseases, and milk and 
meat product development. The 
livestock population of India has been 
characterised in their natural home 
tracts to identify and register 197 breeds 
and get them notified in The Gazette of 
India. This includes 50 breeds of cattle, 
17 breeds of buffaloes, 34 breeds of 
goats, 44 breeds of sheep, 9 breeds of 
camel, 7 breeds of horses, 19 breeds of 
chicken and 3 breeds of dog. 
Vaccines and diagnostics have 
been developed for the effective control 
of livestock diseases. Vaccines/vaccine 
candidates developed include H5N2 
DIVA marker vaccine against Avian 
Influenza virus, Sheep pox vaccine 
(Srinagar strain), VLP based IBD 
vaccine for poultry, Classical Swine 
Fever live attenuated vaccine, Equine 
Influenza vaccine for respiratory 
viral infections, brucella vaccine 
and Thermo-tolerant type ‘O’ FMD 
Vaccine candidate. 
Milk Revolution
During the 1950s and 1960s, India was 
a milk deficit nation and was importing 
milk/milk powder. Operation flood was 
launched to expand dairy cooperatives 
and infrastructure development.  The 
dairy industry is growing steadily at 
6.4%, well above the global annual 
growth rate of 2.2%. The per capita 
availability of milk in the country 
increased to 394 gm/day in 2018-19, 
which is much higher than the world 
average of 294 gm/day. 
Genetic improvement of livestock 
species is being carried out to 
increase production performance with 
respect to milk yield, body growth 
and reproductive performance. The 
conservation of animal and avian 
genetic resources is the priority of 
ICAR and several breeds of cattle, 
goat, sheep, camel and poultry have 
been conserved in their original habitat 
as well as in the form of embryo, semen 
and DNA. Production of cloned buffalo 
calves has been carried out from dead 
progeny-tested buffalo bull (from 
seminal plasma-derived somatic cell) 
and Wild buffalo through inter-species 
cloning. 
Fisheries
Blue Revolution has enhanced fish 
production and has made India the 
second largest fish producing country in 
the world. To diversify fish production 
at commercial scale, breeding and 
seed production technology of several 
food fishes and ornamental fishes 
has been developed. A genetically 
improved uniform rohu called Jayanti 
Rohu with 17% higher growth 
realisation per generation was 
developed through systematic selective 
breeding. 
Species diversification of 
freshwater aquaculture for over a dozen 
“Poultry is one of the fastest-
growing segments of the 
agricultural sector in India 
with around 8% growth rate 
per annum. India is one of the 
world’s largest producers of 
eggs and broiler meat.”
Happy Seeder (Source: Wikipedia)
68  |  Science Reporter  |  August 2021
important fish species such as carps and 
freshwater prawns has been successful 
including packages of practices of their 
breeding and seed production. Marine 
cage-culture has been used for farming 
high-value fish species and technical 
support has been provided to install 
cages along the Indian coasts. Similarly, 
several value-added fish products, 
products of aquaculture importance and 
nutraceuticals from seaweeds have been 
developed.
Mechanisation and Digitisation 
of Agriculture 
Farm implements and machines 
were developed for improving farm 
mechanisation in the country to save 
time and labour, reduce drudgery, cut 
down production cost, reduce post-
harvest losses and boost crop output 
and farm income. 
Precision machinery has been 
developed for efficient agricultural 
operations in irrigated, rain-fed and hill 
agriculture, horticulture, livestock and 
fisheries production. The machineries 
are fuel-efficient and designed to meet 
our social and environmental conditions 
(small land holdings, difficult terrain 
and different farming systems). 
Since women are the main 
workforce of agriculture, machines 
like maize-sheller, okra-picker, etc. 
have also been developed keeping 
in mind their specific requirements. 
Energy management and utilisation 
of conventional and non-conventional 
energy sources in agricultural 
production and processing activities are 
some of the focussed areas of current 
research. 
ICAR has developed 210 
technologies/implements/ machines 
and about 23197 prototypes of farm 
machines. A mechanised solution was 
also provided for rice crop residue 
burning leading to reduction in fire 
events from 127774 in 2016 to 61332 
(about 52%) during 2019 through 
in-situ residue management using a 
machine called Happy Seeder. 
ICAR vigorously pursued the 
deployment of digital platforms in 
agriculture and the application of ICT 
for farmer’s empowerment. More than 
180 mobile apps have been developed 
on different aspects of farm and 
farmer-related services. KVKs are also 
providing mobile agro-advisories and 
other services to farmers. KVKs have 
even been linked with common service 
centres to provide demand-driven 
information and services to farmers.
Education and Innovation
Agricultural education is being 
promoted by ICAR by establishing new 
central agricultural universities. The 
accreditation of SAUs is being carried 
out to enhance the quality of education 
and standards in SAUs. National 
Higher Agricultural Education Project 
(NHAEP) is being implemented to 
provide training to students and faculty 
members in cutting edge technologies 
and emerging areas of science. 
ICAR has also established 
the Netaji Subhash International 
“ICAR has played a major 
role in promoting excellence 
in higher education in 
agriculture and coordinating 
education in all state 
agricultural universities 
and central agricultural 
universities”
ICAR is deploying digital platforms in 
agriculture for farmer’s empowerment
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Fellowship for overseas doctoral 
degree programme. IARI-Jharkhand 
and IARI-Assam have been established 
in Jharkhand and Assam, respectively. 
Rajendra Agricultural University, 
Samastipur, Bihar was upgraded to 
Rajendra Prasad Central Agricultural 
University for enhancing education 
quality in Eastern India. 
ICAR has also been engaged 
in the development of efficient and 
effective technology transfer systems 
for shortening the time lag between 
technology generation and adoption. 
The motto of the Council, “Agri Search 
with a Human Touch” speaks volumes 
of the importance that the Council 
attaches to transfer of technology 
to the major stakeholder — the 
farming community. Similarly, ICAR 
established 50 Agribusiness Incubators 
(ABI) since 2016 and supported 1476 
start-ups/entrepreneurs/incubatees 
during 2014-20.
ICAR Technologies – Making 
Impact
Basmati rice is a highly valued 
agricultural commodity in the 
international market for its cooking and 
eating quality. About 90% of Basmati 
rice trade in overseas market is shared 
by India. 
USA Basmati 1121 semi-dwarf 
variety was developed by ICAR-IARI 
in 2003. It has an advantage over 
traditional basmati varieties which were 
tall, prone to lodging, photoperiod 
sensitive and low-yielding. This variety 
has extra-long slender grains (cooked 
length up to 22 mm), pleasant aroma 
and requires less cooking time. It gives 
an average yield of 4.0 t/ha over 2.5 
t/ha of traditional basmati varieties. 
Consequently, export earnings from 
Basmati varieties increased nearly 
six-fold, from Rs. 5,573 crores 
in 2006-07 to Rs.32,806 crore in 
2018-19 (at 2018 prices). The annual 
export earnings from PB-1121 are 
estimated at Rs.19,939 crore (i.e. 
US$ 2926.7 million) during Triennium 
Ending (TE) 2018-19.  
HD 2967 is a semi-dwarf wheat 
variety developed by ICAR-IARI. 
It was first released for the North-
Western Plains Zone (NWPZ) during 
the year 2011 and later extended 
for cultivation in the North Eastern 
Plains Zone (NEPZ) in 2014-15. This 
variety gives an average grain yield of 
5.04 t/ha in NWPZ and 4.54 t/ha in 
NEPZ. The total economic surplus 
generated from HD 2967 is estimated at 
Rs. 62,405 crore (at 2018 prices) during 
the past eight years (2011-2018). The 
total economic surplus generated from 
this variety was estimated at Rs.12,889 
crore for TE 2018-19 (at 2018 prices).
India is the largest producer of 
pomegranate in the world with nearly 
86% of area under Bhagwa variety 
(2.05 lakh ha). The annual economic 
benefit for the year 2017-18 is Rs 9,617 
crores at 2018 prices. Bhagwa variety 
holds a major share in the pomegranate 
exports from India. On the export 
front, pomegranate export earnings 
increased from Rs 21 crore from 
10,315 MT in 2003-04 to Rs 688.47 
crore (98.98 million US$) from 6.78 
lakh MT. The direct total economic 
surplus/benefits since the adoption 
of dogridge rootstock for raising 
grape crops was 15,212 crores during 
1996-97 to 2017-18 (at 2018 prices). 
The economic surplus for the year 2017-
18 was Rs.1,721.6 crore. Exports of 
fresh grapes earned a foreign exchange 
of US$ 334.91 million (Rs.2,335 crore) 
while the value of export of raisins was 
the US$ 26.217 million during 2018. 
Nearly 90% of these exports are based 
on the fruits obtained from grapes 
raised on dogridge rootstock.
Future Perspective 
The Food and Agriculture Organisation 
(FAO) of the United Nations defines 
food security as a situation where all 
“The Prime Minister has 
envisioned making India a 
USD 5-trillion economy by 
2024-25. The agriculture 
sector is aiming to contribute 
at least USD 1 trillion and to 
provide a momentum to our 
economic development.”
people have, at all times, physical and 
economic access to sufficient, safe and 
nutritious food that meets the dietary 
needs and food preferences for a 
healthy and active life.  According to 
FAO estimates in The State of Food 
Security and Nutrition in the World, 
2020 report, 189.2 million people are 
undernourished in India.
Mainstreaming of biofortified 
crops and consumption of more fruits 
and vegetables would be desirable for 
better nutrition outcomes.  Economy 
and Ecology should move together. The 
major priorities for India are to adopt a 
comprehensive strategy for enhancing 
public expenditure on agricultural 
research and education, processing, 
market infrastructure and market 
intelligence. The digital revolution 
has opened new windows for Indian 
farmers. Technologies like precision 
agriculture, e-extension, drone-led 
operations, smart warehousing and 
transport optimisation, real-time yield 
estimation and price information, 
credit and insurance management 
and e-marketing have proven their 
applicability in making agriculture 
predictable and profitable. 
ICAR is also gearing up research to 
limit carbon emission in agriculture to 
fulfil our global commitment. The multi-
dimensionality of doubling farmers’ 
income necessitates transforming 
agriculture from a production-
centric to a holistic agri-food system. 
Research reorientation now demands 
greater thrust on innovation to bridge 
knowledge and technology gaps to 
address supply chain management in 
agriculture. 
The Prime Minister has envisioned 
making India a USD 5-trillion economy 
by 2024-25. The agriculture sector 
is aiming to contribute at least USD 
1 trillion and to provide momentum 
to our economic development. The 
slogan of Jai Jawan, Jai Kisan, Jai 
Vigyan encourages agricultural science 
and technology to remain globally 
competitive as well as achieving the 
goal of Atmanirbhar Bharat. 
